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(ECP) nin $f(x)$ , $x\in R^{n}$ $\mathrm{s}.\mathrm{t}$ . $h(x)=0$
. $f$ : $R^{n}arrow R^{1}$ $h:R^{n}arrow R^{m}(m<n)$ $\mathrm{C}^{2}$ .
(Sequential Quadratic Programming, $\mathrm{S}\mathrm{Q}\mathrm{P}$ ) ,
, 1 .
SQP , 1) $d_{k}$ $\mathrm{Q}\mathrm{P}$
$\mathrm{E}\mathrm{Q}\mathrm{P}(Xk, Bk)$ $\min_{d}\frac{1}{2}d^{T}B_{k}d+\nabla f(x_{k})^{T}d$
$\mathrm{s}.\mathrm{t}$ . $h(x_{k})+\nabla h(x_{k})^{T}d=0$
, 2) $\alpha_{k}$ , $xk+1=xk+\alpha_{k}d_{k}$
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2.1 Broyden
n $\{f(x)|x\in R^{n}\}$ $–>$
$x_{k+1}=x_{k^{-\alpha_{k}B^{-1}}}k\nabla f(Xk)$ , $k=0,1,$ $\ldots$ , (1)
. $\alpha_{k}$ $f(x)$
. $B_{k}$ $\nabla^{2}f(x_{k})$ , $B_{k+1}$
$B_{k+1}S_{k}=yk$ , $s_{k}=x_{k}+1-x_{k}$ , $y_{k}=\nabla f(x_{k}+1)-\nabla f(x_{k})$
. DFP BFGS .
Broyden 1 .
$B_{k+1}$ $=$ Broyden$(S_{k,yB}k,k, \emptyset k)$ (2)
$=$ $B_{k}- \frac{B_{k}s_{k}S^{\tau}B_{k}k}{s_{k}^{T}B_{k}S_{k}}+\frac{y_{k}y_{k}^{T}}{y_{k}^{T}s_{k}}+\emptyset k(S^{T}kBksk)vkv_{k}^{T}$ .
$=y_{k}/y_{kk}^{\tau_{s_{k^{-BS}}}}k/S_{k}^{T}B_{k}s_{k},$ $\phi_{k}\in R^{1}$ . $B$ Broyden




, $B_{k}$ $y_{k}^{T}s_{k}>0,$ $\phi_{k}>-\phi_{k}^{*}$ (2) $B_{k+1}$
. Cauchy-Schwarz $\phi_{k}^{*}>0$
. $y_{k}^{T}s_{k}>0$ ,
, $\phi_{k}$ $0$ .
$0\leq\phi_{k}\leq 1$ convex class . class DFP BFGS
, ,
. convex class ,
.
$\phi_{k}$ 1 $0$ DFP BFGS
, BFGS
. $-\phi_{k}^{*}<\phi_{k}\leq 0$
preconvex class [10]. preconvex class
, $-$ $[10, 1]$ .
22 Broyden
Oren and Luenberger [8] Broyden (2) $\gamma_{k}>0$ , $B_{k}$
( )
$B_{k+1}$ $=$ Broyden$(s_{k}, y_{k}, \gamma kBk, \phi_{k})$ (4)
$=$ $\gamma_{k}(B_{k}-\frac{B_{k}s_{kk}s_{k}^{\tau}B}{s_{k}^{T}B_{k}S_{k}}+\phi_{k}(s^{\tau\tau}kk^{S}Bk)vkvk)+\frac{y_{k}y_{k}^{T}}{y_{k}^{T}s_{k}}$
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. $f(x)$ 2 , $Q^{-1}B_{k+1}(Q=\nabla^{2}f)$
1 , .
$\gamma_{k}^{OL}=\frac{y_{k}^{T}s_{k}}{s_{k}^{T}B_{k}S_{k}}$ , $\gamma_{k}^{IOL}=\frac{y_{k}^{T-1}B_{k}y_{k}}{s_{k}^{T}y_{k}}$ . (5)
(5) $\gamma_{k}$ Oren-Luenberger $(\mathrm{O}\mathrm{L})$ , Oren-Luenberger (IOL) .
Dennis, Gay and Welsch [4] , $\mathrm{O}\mathrm{L}$
. $\mathrm{O}\mathrm{L}$ $\gamma_{k}B_{k}$ $x_{k}$ $\nabla^{2}f(x)$
, Rayleigh .
23 Broyden
$B_{k}$ (1) , .
.
$B$ Broyden (4) $B_{k+1}^{-1}=H_{k}+1,$ $(\gamma_{k}B_{k})^{-1-}=\gamma kH_{k}1$
$H$
$H_{k+1}= \gamma_{k}^{-1}(H_{k^{-}}\frac{H_{ky_{k}}S_{k}^{\tau_{+S}}ky_{k}^{T}H_{k}}{s_{k}^{T}y_{k}}+\frac{y_{k}^{T}H_{k}yk}{(s_{k}^{T}yk)^{2}}s_{k^{S^{\tau}}}k^{+(}\psi_{k^{-}}1)(y_{kk}^{\tau}Hyk)wkw^{T}k)+\frac{s_{k}s_{k}^{T}}{s_{k}^{T}y_{k}}(6)$
. $w_{k}=s_{k}/s_{k}^{T}yk-Hky_{k}/y_{k}^{\tau_{H_{k}}}y_{k},$ $\psi_{k}\in R^{1}$ , $\phi_{k}$ $\psi_{k}$
$\psi_{k}=\frac{\phi_{k}^{*}(1-\phi_{k})}{\phi_{k}+\phi_{k}^{*}}(=1-\frac{\phi_{k}(1+\emptyset^{*}k)}{\phi_{k}+\phi_{k}^{*}})$ (7)
. $\phi_{k}^{*}$ (3) $B_{k}$ 1 $H_{k}^{-1}$ . (7) $B$ preconvex
class $-\phi_{k}^{*}<\phi_{k}\leq 0$ $H$ $\psi_{k}\geq 1$ 1 1 .
3. SQP
(ECP) , $\mathrm{n}$ $L$
.
$l(x, \mu)$ $=$ $f(x)+\mu Th(X)$ ,
$L(x, \mu;r)$ $=$ $f(x)+ \mu^{T}h(x)+\frac{1}{2}rh(x)^{T}h(x)=\ell(x, \mu)+\frac{1}{2}r||h(x)||2$ .
$r>0$ , $\mu\in R^{m}$ $\mathrm{n}$
. $||\cdot||$ $\ell_{2^{-}}$ .
SQP , $B_{k}\mathfrak{l}\mathrm{h}$ $\nabla_{x}^{2}l(xk, \mu_{k})$
, , Tapia (cf. [2]) , $\mathrm{n}$ $\nabla_{x}^{2}L(Xk, \mu_{k} ; r)$
, $B_{k}^{L}$ . $\mu_{k}$ } $\mathrm{h}$ (ECP) $\mathrm{n}$ $k-1$
, $\mathrm{Q}\mathrm{P}$ $\mathrm{E}\mathrm{Q}\mathrm{P}(Xk-1, B^{L}k-1)$
$\mathrm{n}$ .
Tapia , .
$B_{k+1}^{L}s_{k}$ $=$ $y_{k}^{S}$ , (8)
$s_{k}$ $=$ $X_{k+1^{-}}X_{k}$ , $y_{k}^{t}=\nabla_{x}\ell(x_{k}+1, \mu_{k1}+)-\nabla x\ell(_{X_{k}}, \mu k+1)$, (9)
$y_{k}^{S}$ $=$ $y_{k}^{l}+r\nabla h(x_{k}+1)\nabla h(xk+1)\tau_{s_{k}}$ . (10)
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$B$ Broyden (4) $y_{k},$ $B_{k}$ $y_{k}^{S},$ $B_{k}^{L}$ , Tapia
(8)$-(10)$ .
$B_{k+1}^{L}=\mathrm{B}\mathrm{r}\mathrm{o}\mathrm{y}\mathrm{d}\mathrm{e}\mathrm{n}(Sk, y_{k}^{sL}, \gamma kB, \phi_{k}k)$ . (11)
Broyden (SSB) .
$H$ (6) .
$\mathrm{O}\mathrm{L}$ , IOL (5) .
$[B/\backslash \text{ }]$ $\gamma_{k}^{OL^{-}s}$ $= \frac{(y_{k}^{S})^{\tau}s_{k}}{s_{k}^{T}B_{k}^{L}s_{k}’}$ $\gamma_{k}^{IOL- s}=\frac{(y_{k}^{s})T(B_{k}L)-1y_{k}s}{s_{k}^{T}y_{k}^{S}}$, (12)





$H$ $\mathrm{O}\mathrm{L}$ , $\mathrm{Q}\mathrm{P}$ KKT
$B_{k}^{L}d_{k}=-(\nabla f(Xk)+\nabla h(X_{k})\mu_{k1}+)=-\nabla_{x}\ell(x_{k}, \mu_{k}+1)$
$B_{kk}^{L_{S_{k}=\alpha_{k}}}BLdk=-\alpha_{k}\nabla xl(xk, \mu k+1)$ ,
.
SQP , preconvex class BFGS
. $B$
(3) $\phi_{k}^{*}$ ,
. $B$ preconvex class $H$





$y_{k}^{A}=y_{k}^{S}+r[\nabla h(x_{k+1})-\nabla h(xk)]h(X_{k+1})$ . (14)
(12)$-(13)$ $y_{k}^{S}$ $y_{k}^{A}$ $\gamma_{k},$$\gamma_{k^{O}}oL^{-}AIL-A$
. , (8)$-(10)$ $y_{k}^{A}$
.
$–\mathrm{n}$ Shanno and Phua [9]
, ,
$-$ . Contreras and Tapia [3]
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,. $\mathrm{O}\mathrm{L}$ IOL , BFGS




$-\wedge \mathrm{D}$ – SQP , $\mathrm{Q}\mathrm{P}$ –
.
$y_{kk}^{\tau_{S}}>0$












. $H$ $B$ ,
.
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